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A single mode circularly birefringent optical fibre having a central core and a surrounding cladding. The core (10) contains 

wtnVh has an average refractive index ereater than that of the sur- 
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CIRCULARLY BIREFRINGEHT OPTICAL FIBRE 

TECHNICAL FIELD 

This invention relates to a single mode optical fibre 

5 that exhibits circular birefringence. 

Optical fibres that exhibit circular birefringence are 
characterised in that they facilitate the transmission of 
circularly polarised light and they accommodate different 
velocities of transmission of right hand and left hand 

10 circularly polarised light. This characteristic renders 

circularly biref ringent optical fibres suitable for use in 
coherent communication systems and in sensing systems, and a 
particularly important application of such optical fibres is 
in the field of electric current sensing, where the optical 

15 fibres may be employed in circuits which have been proposed 
for obviating the need for current transformers., 

Although the characteristics and benefits, or at least 
some; of the benefits, of circularly- tiref ringent optical 
fibres are well known and understood, such. fibres have not 

20 been produced on a commercial scale and it is understood 
that they have not .yet been produced successfully or 
consistently on an experimental scale. This is because a 
complete understanding has not hitherto been obtained in 
respect of the physical characteristics which should be 

25 possessed by an optical fibre in order that it might 

accommodate the transmission of circularly polarised light. 
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BACKGROUND ART 

European Patent Application No.EP 0 227 366 A2 dated 
December 8 19 8 6 by the University of Southampton discloses a 
single mode optical fibre which is said to exhibit circular 

5 birefringence and which is characterised by an azimuthally 

inhornogeneous spun core- The inhomogeneity is created so as 
to exclude significant linear birefringence and it is 
achieved by forming the core with at least one lobe which 
has a refractive index greater than that of the immediately 

10 adjacent core material. European Patent Application 

No.EP 0 210 806 A2 dated July 18 1986 by Pirelli General pic 
is directed to an optical fibre which apparently has much 
the same sort of structure as that which is disclosed in 
EP 0 227 366 A2. 

15 However, it is believed that mere azirnuthal 

inhomogeneity in and spinning of the core will not result in 
circular birefringence, and it is proposed in accordance 
with the present invention that the -optical fibre must 
effectively incorporate two regions which each exhibit 

20 effective, linear material birefringence, with the respective 
regions having orthogonal directions of maximum electric 
polarisability. 

DISCLOSURE OF THE INVENTION 
25 Thus, the present invention provides a single mode 

circularly birefringent optical fibre which comprises a 
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core, the cladding having a diameter significantly greater 
than that of the core and a refractive index less than that 
of the core. The core is formed within its cross-section 
with four symmetrically disposed regions, each of which has 

5 an average refractive index greater than that of the 

surrounding portions of the core and each of which follows a 
helical path which extends coaxially with and in the 
longitudinal direction of the core. Diametrically opposed 
ones of the regions have a common direction of maximum 

10 electric polarisability , whereby they exhibit effective 
linear material birefringence, and orthogonally disposed 
pairs of the regions have orthogonal directions of maximum 
electric polarisability. 

The cross-section of the core as above defined has what 

15 might be regarded as four-fold symmetry with respect to the 
axis of the core, in the sense that the physical geometry of 
a given cross-section of the core recurs with successive 
rotations of the core through : ?0°; v 

Creation of the four regions of enhanced anisotropic 

20 refractive index may bie achieved by stressing the core 

material within the. regions, and various techniques may be 
adopted for effecting either self induced or externally 
induced stress fields. For example, a doped material having 
a co-efficient of thermal expansion different from that of 

25 adjacent material may be located in a preform of the fibre 
at positions surrounding the core (either inside or outside 
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be induced in the four regions during solidification of the 
fibre after drawing from the preform. 

As an alternative to stressing the core material within 
the core regions, effective linear material birefringence 

5 may be realised by forming each of the core regions from a 
composite structure which simulates an anisotropic 
refractive index distribution. The composite structure in 
each region may be composed of a sandwich structure having 
thin alternating layers with different isotropic refractive 

10 indices. 

The core regions are caused to follow a helical path by 
spinning the preform during the fibre drawing operation, 
with the relationship of the preform spin rate and the fibre 
drawing rate being adjusted so as to produce the required 

15 pitch or, expressed alternatively, the number of spiral 
convolutions .per linear metre of the optical fibre. 

The optical fibre preferably has a core dimension in 
the order of 10 |im and an outer (cladding) diameter in the 
order of 100-150 Jim. 

20 The invention will be more fully understood from the 

following description of a preferred embodiment which is 
illustrated in the accompanying drawings. 



BRIEF DES CRIPTION OF THE DRAWINGS 
In the drawings: 

Figure 1 shows a greatly magnified cross-sectional view 
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Figures 2A, 2B and 2C show further magnified 
cross-sectional views of alternative core portions of the 
optical fibre shown in.Figure 1; and 

Figures 3A and 3B show representations of regions 
5 within the core portion which are enhanced, as to their 
refractive indexes, for horizontally and vertically- 
polarised light respectively. 

MODES FOR CARRYING OUT THE INVENTION 

10 As shown in Figure 1 of the drawings the optical fibre 

has a core 10, which is to be described in greater detail 
with reference to Figures 2 and 3, arid a cladding 11. The 
core has a diameter typically in the order of 10 |im and the 
cladding has a diameter in the order of 125 \m to conform 

15 with what has become an international standard. 

The core 10 is formed from doped silica and the 
cladding 11 is formed, normally, from pure silica; although, 
other materials may be used. -In general, the techniques 
which are conventionally employed for forming optical fibres 

20 may, with the necessary changes, be employed in forming the 
fibre which is described in this specification. Thus, a 
pre-form may be constructed using a more-or-less 
conv ntional approach, and twisting. or helical forming may 
be effected using the conventional spinning technique which 

25 . has been referred to briefly in a preceding passage of this 
specification. 
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As shown in the further magnified illustration of 
Figure 2A, the core is formed within its cross-section with 
four symmetrically disposed lobes 12-15, each of which has a 
refractive index greater than that of the surrounding 

5 regions of the core. Each of the lobes is stressed in a 

manner such that the diametrically disposed lobes 12, 14 in 
one case and 13, 15 in the other case have common directions 
of maximum electric polarisability, in the directions 
indicated in the respective cases by the broken, lines . 

10 The core structure 10 that is shown in Figure! 2B is 

similar to that of 2A except that, whereas in Figure 2A the 
enhanced electric polarisability in each lobe lies in a 
direction which is parallel to the axis of the lobe, the 
lobes 16-19 in Figure 2B have enhanced electric 

15 polarisability in directions that are normal. to the axes, of 
the respective lobes. However, it will be. observed that, in 
the structures of both Figure 2A and 2B, the orthogonally 
disposed pairs of core regions 13, .15 and 12, 14 in Figure 
2A and 17, 19 and 16, 18 in Figure 2B have orthogonal 

20 directions of maximum polarisability. 

The lobe regions 12-15 and 16-19 may be formed by 
locating appropriately doped rod-shaped inclusions of silica 
(not shown) in the pre-forra prior to drawing of the fibre.. 
The doping is contrived to cause a differential expansion 

25 between the inclusions and the surrounding material, so that 
stresses are induced in the lobe regions during the drawing 
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in turn results in material anisotropy as indicated in 
Figures 2A and 2B, with the lobes defining regions in which 
the refractive index effective for light polarised in the 
given directions is enhanced. 
5 As an alternative to stressing the core material within 

the four core regions, the desired effective material 
birefringence may be achieved by forming each of the core 
regions from a composite structure which simulates an 
anisotropic refractive index distribution. As shown in 
10 Figure 2C, the composite structure in each of the core 

regions 20 to 23 is composed of a sandwich structure which 
is itself formed from a plurality of thin alternating layers 
24 and 25 having different isotropic refractive indices. 
Here again, the diametrically disposed regions 20, 22 in. one 
15 case and 21/ 23 in the other case have common directions. 

The refractive index in the centre of the core region 
does not exhibit anisotropy because of the requirement of 
four-fold rotational symmetry. _ The refractive index in the 
centre of the core. region should however have a magnitude 
20 similar to that of the lobe regions. 

The refractive/index in the remainder of the core 10, 
that is between and surrounding the lobe regions 12-15 and 
16-19 need not xhibit material anisotropy, but the 
magnitude of the refractive index must be generally less 
!5 than that of the lobe regions and central area of the core. 

The cladding 11 is composed of a material which has a 
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As a result of the refractive index distributions, 
"horizontally" polarised light tends to concentrate in the 
region of the core which is shown in Figure 3A and 
"vertically" polarised light in the region shown in Figure 

5 3B, in respect of the core configuration which is shown in 

Figures 2A and 2C. However, in the case of the core 
configuration shown in Figure 2B, the patterns shown in 
Figures 3A and 3B are reversed. 

Although not shown in the drawings, each of the lobe 

10 regions 12-15 and 16-19 follow a helical path which extends 
coaxially with and in the longitudinal direction of the 
core. This is achieved by spinning the pre-form when 
drawing the fibre to its required cross-sectional 
dimension. The pre-form spin rate and the fibre drawing 

15/. rate is adjusted so as to produce the required pitch or, 
expressed alternatively/ the required number of spiral 
convolutions per linear metre of the optical fibre. 

When linearly polarised light .passes through a 
circularly birefringent fibre, its direction of polarisation 

20 rotates • The magnitude of the birefringence is by 

definition equal to. twice the rotation in radians divided by 
the length of the fibre in metres. Provided the pitch 
length p is not too short, the fibre has a circular 
birefringence of magnitude: 

25 (4 7C/p) ( l-y) r ad/met re 

where 0 < y <1 
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Thus, the maximum value of the birefringence is 4 rc/p 
corresponding to the direction of polarisation of light 
passing through the fibre turning at the rate 
(0.5)x4 7C/p = 2 rc/p rad/metre, equal to the rate at which 

5 the fibre cross-section itself turns. In general, the rate 
of turning. of the direction of polarisation is less than 
this, since it does not "keep up with" the orientation of 
the fibre cross-section. To make the birefringence as high 
as possible, y must be made as small as possible. The 

10 value of y is determined by the details of the anisotropic 

refractive index distribution illustrated in Figures 3A and 

3B and, if x is the (positively signed) fundamental 
a 

solution of the scalar wave equation corresponding to the 
refractive index distribution of Figure 3A and x^ is the 
15 similar solution corresponding to Figure 3B, then 

7 dx dy x a x b /[ . dx dy i 2 dx dy x 2 ] 1/2 

It is important that, in the absence of effective material 
20 anisotropy, the refractive index distribution seen by 

horizontally and vertically polarised light is the same. 

Consequently, x g = x fa and, as follows from substitution 

in the above expression for y, y = 1 and consequently the 

birefringence is 0. 
25 The lobe regions 12-15 and 16-19 occupy a substantial 

proportion of the cross-section of the core 10 and, 



WO 89/11109 ' / PCT/AU89/00187 

- 10 - 



consequently, they lie close enough together that the whole 
structure constitutes a single wave guide rather than a 
number of independent wave guides. This may be expressed by 
the statement that the "beat length" for exchange of power 
between diametrically opposite lobe regions is short in 
comparison with the pitch length p. 
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THE CLAIMS 

1. A single mode circularly birefringent optical fibre 
which comprises a central anisotropic core and a 
cladding surrounding the core, the cladding having a 
diameter significantly greater than that of the core 
and a refractive index less than that of the core, the 
core being formed within its cross-section with four 
symmetrically disposed regions, each of which has an 
average refractive index greater than that of the 
surrounding portions of the core and each of which 
follows a helical path which extends coaxially with and 
in the longitudinal direction of the core, 
diametrically opposed ones of the regions having a 
common direction of maiximura electric polarisability, 
whereby they exhibit . effective linear material 
birefringence, and/orthogonally disposed pairs of the 
core regions having orthogonal. directions of maximum 
electric polarisability; 

2. The optical fibre as claimed in claim 1 wherein each of 
the core regions is defined by a region of stressed 
core material. 
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3. The optical fibre as claimed in claim 2 wherein a 
stress inducing material having a coefficient of 
thermal expansion different from that of adjacent 
material is located in the optical fibre at positions 
surrounding the core regions. 

4. The optical fibre as claimed in claim 3 wherein the 
stress inducing material is located • outside of the 
interface of the core and the cladding, 

5. The optical fibre as claimed in claim 1 wherein each of 
.the core regions is formed from a composite structure 

which simulates an anisotropic refractive index 
distribution. 

6. The optical fibre as claimed in claim 5 wherein each 
core region is ccmstituted by a sandwich structure 
having alternating layers, with- different isotropic 
refractive indices., 

.7. The optical fibre as claimed in any one of the 

preceding claims wherein the core is formed from doped 
silica.. 

8. The optical fibre as claimed in claim 7 wherein the 
cladding is formed from substantially pure silica. 
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9. The optical fibre as claimed in any one of the 

preceding claims wherein the core has a diameter in the 
order of 10pm and the cladding has an outside diameter 
in the range lOO-lSO^m. 

10 • The optical fibre as claimed in any one of the 

preceding claims wherein the pitch length of the 
helical path is in the range 1mm to 10mm. 

11. A single mode circularly birefringent optical fibre 

substantially as hereinbefore described with reference 
to Figure 1 and Figures 2A, 2B or 2C of the 
accompanying drawings. 
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